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(54) Title of the Invention: Method and Device for Manufacturing Semiconductor Devices 
(57) Abstract 

[Problem]: To provide a semiconductor manufacturing device that has a mechanism that controls polishing in response to the 
results of measurements by automatically measuring the reflectivity or film thickness of the film being polished while it is being 
polished. To provide a method of manufacturing semiconductor devices that can stop the polishing process based on the 
reflectivity or the desired film thickness by measuring the reflectivity or the film thickness of the film being polished while it is 
being polished. 

[Means of Solving the Problem]: To use optical means to measure the reflectivity of a film surface that is being polished or the 
film thickness of a film that is being polished from the rear side of the polishing cloth through an optical window made in said 
polishing cloth at the same time that the polishing is taking place, using methods of manufacturing semiconductor devices that 
polish wafers with films that are being polished using polishing cloths. 



[See source for diagrams.] 



Scope of Patent Claims 

[Claim 1]A method of manufacturing semiconductor with the following characteristics. In methods of manufacturing 
semiconductor devices that polish wafers with film that is to be polished using a polishing cloth, the aforementioned polishing 
cloth contains at least one optical window and through that window while polishing is underway, the reflectivity of the film 
surface being polished or the film thickness of the film being polished is measured from the back side of the aforementioned 
polishing cloth using optical means. 

[Claim 2]The method of manufacturing semiconductor devices described in Claim 1 with the following characteristics. The film 
thickness or the reflectivity of the surface of the polished film measured using the optical means described above is used to stop 
the polishing when a specific value has been reached. 

[Claim 3]The method of manufacturing semiconductor devices described in Claim 1 with the following characteristics. Using an 
optical means of measuring, the degree of polishing is altered in response to the thickness of the polished film or the reflectivity 
of the surface of the polished film. 

[Claim 4] A semiconductor manufacturing device equipped with the following features and measuring device. A wafer with a 
film to be polished is to be polished in a semiconductor manufacturing device that polishes using a polishing cloth. In this sort of 
device, the polishing cloth has at least one opening. Behind that opening, from behind the polishing cloth while polishing is 
underway, an optical means is used to measure the reflectivity of the film surface being polished or the film thickness of the film 
being polished on the wafer's surface. 

[Claim 5]The semiconductor manufacturing device described in Claim 4 with the following characteristics. The opening in the 
polishing cloth is configured using materials with a high transmitivity with respect to the light used in the measurements. 
[Claim 6] The semiconductor manufacturing device described in Claim 4 with the following characteristics. A control device that 
changes the concentration of the polishing agent in the slurry in response to the reflectivity of the film surface being polished or 
the film thickness of the film being polished. 

[Claim 7]The semiconductor manufacturing device described in Claim 4 with the following characteristics. A control device that 
changes the rpm of the wafer or the rpm of the base disk to which the polishing cloth is affixed in response to the reflectivity of 
the film surface being polished or the film thickness of the film being polished. 

[Claim 8]The semiconductor manufacturing device described in Claim 4 with the following characteristics. A control device that 
changes the pressure applied to the wafer with respect to the polishing cloth in response to the reflectivity of the film surface 
being polished or the film thickness of the film being polished. 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Fields of the Invention] 

The present invention relates to a device and method for flattening the surface of a semiconductor device, and in particular 
it relates to the flattening of semiconductor device surfaces using CMP (Chemical Mechanical Polishine) 
[0002] 6) ' 
[Prior Art] 

With the microminiaturization and higher degrees of integration in semiconductor devices, surface irregularities in 
semiconductor devices have become a problem. For this reason, the CMP method has been getting attention as a method for 
flattening surfaces. The following is a simple description of conventional CMP methods. First, when the polishing cloth in the 
CMP device is replaced and polishing is begun, a sample-use wafer is polished in order to measure the reflectivity. Note that the 
initial film thickness of the sample wafer is measured in advance. After polishing, the remaining film thickness, the initial film 
thickness and the polishing time are used to calculate the polishing rate. Subsequently, when polishing the wafer, this polishing 
ratio is used to calculate the amount of polishing time needed to reach the desired film thickness. 

[0003] However, the polishing ratio in CMP methods varies with the surface state of the polishing cloth. For this reason when 
polishing large numbers of wafers for long periods of time, there will be changes in the polishing ratio, which causes the problem 
of variations in the amount of residual film thickness. With conventional CMP methods, it has been necessary to review the 
polishing time settings every several wafers in order to keep this sort of variation to a minimum. This review process requires 
large amounts of time and effort and has been a cause of lower throughput. 1 
[0004] A method for solving this sort of problem has been proposed, in which the film thickness measurements are made at the 
same time that the polishing is carried out (JSP H-05-309559). This method is explained briefly in Figure 5. Figure 5 (a) shows a 
conventional example of a cross-section of a polishing device. Figure 5 (b) is a flat diagram excluding the upper lathe. The 
wafers 1 13 are held in the earner 1 12, which moves in a sort of planetary motion, while the wafer is polished with pressure from 
the base disk 1 1 1 and the upper lathe 110. These wafers 113 extend partially beyond the lathes 1 10 and 1 1 1 which are above and 
below during the polishing process. At the measuring point 1 14, the laser displacement sensors 1 15 and 116, which are installed 
above and below, are used to detect the position of the upper and lower wafer surfaces and the film thickness is measured using a 
computation process. 

[0005] With this method, however, the peripheral portions of the wafer that extend beyond the edge are only polished for short 
periods of time compared with the other, inner portions that do not extend over the edge. Thus, the problem arises that the actual 
film thicknesses m the measured areas and the other areas differ. Furthermore, in this polishing device, the film thicknesses are 
computed after measuring positions on the upper and lower surfaces of the wafer. However, if interference methods are used the 
precision of the film thickness measurements will be inferior to those afforded by direct methods of measuring polished film' 
Additionally, two laser displacement sensors are required to measure the positions from above and below the wafers which 
reduces the economic efficiency. 



[0006] 

[Problems the Invention is to Solve] 

As above, with polishing methods that employ conventional CMP devices, differences emerge between the polishing times 
of the areas that are polished and the areas where film thicknesses are measured. This makes it impossible to obtain accurate film 
thickness measurements and makes it difficult to stop polishing when the desired film thickness has been reached. 
[0007] The main purpose of the present invention is to provide a method for manufacturing semiconductor devices that can 
stop polishing based on the desired film thickness or reflectivity using the direct measurement of the reflectivity or film thickness 
of the films being polished as they are being polished and in the areas being polished. 

[0008] The second purpose of the present invention is to provide a semiconductor manufacturing device that has a mechanism 
to control polishing in response to the results of measurements that are taken automatically inside the polishing areas using the 
reflectivity or film thickness of the films being polished as they are being polished 
[0009] 

[Means for Solving the Problems] In order to achieve the goals of solving the problems described above, the manufacturing 
method and the semiconductor manufacturing device of the present invention are configured as follows below. The 
semiconductor device and manufacturing method based on the present invention use an optical means for measuring the 
reflectivity of the film being polished or the film thickness of the film being polished from behind the polishing cloth described 
above through at least one optical window in the polishing cloth described above at the same time as the polishing is being 
undertaken. Polishing of the films is then stopped based on the reflectivity or the desired film thickness. Additionally, the 
semiconductor manufacturing device of the present invention has a measuring module that measures optically, from behind the 
polishing cloth and through an opening in the polishing cloth, the reflectivity or the film thickness of the film being polished 
while polishing is underway. It also has a mechanism that controls the polishing based on the results of these measurements. 
[001 0] As above, the polishing method based on the present invention measures the reflectivity or film thickness of the film 
being polished inside the area being polished while polishing is under way. For this reason, accurate measurements of the film 
thickness can be made and, based on those results, the polishing can be controlled, so polishing can always be stopped at exactly 
the reflectivity or desired film thickness. This will make it possible to improve polished film thickness control considerably 
[0011] J 

[Embodiments of the Invention] Below refer to drawings as we explain some embodiments of the present invention. Figure 

I (a) is a cross-section of a CMP device based on the present invention. The CMP device has a based disk 10 and polishing cloth 

I I that is affixed to the base disk 1 0, a wafer holder 1 3 that is attached above the base disk 1 0 and a slurry supply tube 1 5 that 
supplies the slurry 14 to the surface of the polishing cloth 1 1. The slurry 14 from the slurry supply tube drips onto the surface of 
the polishing cloth 1 1. The wafer 12 is pressed against the polishing cloth 1 1 by the wafer holder 13. The wafer holder 13 and the 
base disk 10 rotate independently and the wafer 12 is polished by the polishing cloth and the slurry 14. 

[0012] In the present invention, an optical sensor window 16 has been formed in part of the polishing cloth 1 1 . Note that this 
optical sensor window 16 must be sufficiently small enough to have no effect on the polishing characteristics of the CMP. 
[0013] Underneath, the optical sensor 17 is affixed to the based disk 10. When the polished film of the wafer 12 is illuminated 
by the light, the optical sensor receives and measures the reflected light. By analyzing it, the reference or the film thickness of the 
film being polished can be known. 

[0014] The control device 1 8 changes the polishing ratio based on the values that were actually measured using this optical 
sensor 17. A number of methods for building controls to change the polishing ratio are listed below. Firstly, in other words the 
control device 18 could control the rpm of the wafer holder 13 and the base disk 10. Secondly, the control device 1 8 could ' 
increase or decrease the dilution ratio using purified water to control the concentration of the polishing agent in the slurry 14. 
Furthermore, a third method would be for the control device 18 to adjust the position of the wafer holder 13 to control the 
pressure of the wafer 12 against the polishing cloth 1 1 . It would also be possible to control using a combination of all of these 
methods. Using these methods, the control device 18 controls the polishing ratio based on the reflectivity or the film thickness 
that are measured. 

[0015] Note that in Figure 1(a), the optical sensor 17 is affixed and integrated into the base disk 10 and it turns along with the 
base disk 10. However, the present invention is not limited to this. An opening could be formed in the base disk 10 and the 
optical sensor 17 could be installed separately into the base disk 10. 

[001 6] However, the optical sensor window 1 6 in the polishing cloth 1 1 must be sufficiently small, that it has no effect on the 
polishing characteristics of the CMP. We will explain this using Figure I (b). Figure 1(b) is an overhead, schematic diagram of 
the CMP device of the present invention. Compared with the polishing cloth 1 1, the optical sensor window 16 is formed 
sufficiently small. Furthermore, the optical sensor window 16 turns around the center Q along with the polishing cloth II. Each 
time it passes under the wafer 12, which is being pressed against the polishing cloth 1 1 by the wafer holder 13, the optical sensor 
1 7 measures the light that is reflected from the film being polished. 

[0017] Below we will explain the polishing method using the CMP device of the present invention offering specific examples. 
In the first embodiment, the film to be polished could be W, Al, Cu or other metal film with a high degree of reflectivity. Figure 2 
shows the formation of embedded wiring using these metal films with the CMP device of the present invention. To explain, 
Figure 2(a) shows a cross section diagram of the semiconductor device immediately following the build-up of the metal film 30, 
which is the embedded wiring material that forms contact holes or grooves for wiring in the insulating film 29 between layers. 
This metal film 30 is polished, removing the metal film except where the embedded wiring will be as shown in Figure 2 (b). We 
are only considering leaving the embedded wiring in this case. 



[001 8] First, at the same time that polishing begins (time t = 0), the optical sensor 1 7 starts measuring the reflected light. Each 
time the base disk 10 makes one revolution, the optical sensor 17 passes under the wafer. During that period, it measures the 
reflectivity r of the wafer surface. 

[0019] Figure 2 (c) shows the changes in the reflectivity of the surface with respect to the polishing time t. At this point, when 
polishing started, the surface of the accumulated metal film 30 was completely covered, so the reflectivity Rq is measured for 
metal film 30. As polishing progresses, as the metal film is removed except for the areas of embedded wiring, the reflectivity of 
the insulated film 29 between layers, which occupies a significant portion of the wafer, is measured by the optical sensor 17 and a 
decline in reflectivity is detected. The point (t = Tc) at which the control device 18 receives this data is where the polishing will 
be stopped. 

[0020] With this method, the optical sensor always detects declines in the reflectivity of the metal film within the area being 
polished, so the exact times at which the metal film is removed (except for the embedded wiring areas) can be detected, making it 
possible to obtain the desired embedded form with a high degree of control. 

[0021] Note that in the embodiment above, the control device 1 8 stopped the polishing process when it detected a decline in 
reflectivity in areas other than the embedded wiring as the metal film was polished, but in the second embodiment, we will 
explain a method in which residual metal film is eliminated within the wafer area. In this method, the reflectivity is constantly 
observed and when the metal film is polished outside of the embedded wiring areas and a decline in the reflectivity is detected, 
polishing will not be stopped until after the polishing for a suitable amount of additional time T 0 . In this way, even when there is 
variation in the metal film thickness over the wafer surface, there will be no residual metal film, which will prevent short circuits 
in the wiring. 

[0022] As a third embodiment, we have assumed that the film to be polished is an insulating film between layers. We will use 
Figure 3 to explain the flattening of insulating film between layers by polishing with the CMP device of the present invention. 
Figure 3(a) shows a cross section of the semiconductor device immediately after the film thickness of the insulating film 40 
between layers on the electrode 39 had been built up to the film thickness X 0 . This insulating film 40 between layers is polished 
until the desired film thickness Xc has been reached and the flattening is carried out as shown in Figure 3 (b). 
[0023] Figure 3 (c) shows the film thickness x of the insulating film 40 between layers with respect to the polishing time t. 
First, simultaneously with the starting of polishing (time t = 0), the optical sensor 1 7 begins measuring the reflected light. Each 
time the base disk 10 makes one revolution, the optical sensor 17 passes underneath the wafer and while it does, it measures the 
film thickness x of the insulating film 40 between layers. The control device 18 receives this data and, when the desired value Xc 
for the film thickness of the insulating layer 40 between layers has been reached (t = Tc), polishing will be stopped. (See solid 
line). 

[0024] Incidentally, the polishing ratio varies due to other effects such as the state of the surface of the polishing cloth. The 
dotted line (f) in Figure 3 (c) shows a large polishing ratio while the dotted line (s) in Figure 3 (c) shows a small polishing ratio. 
In response to variations in the polishing ratio such as these, the times at which the desired film thicknesses are reached vary as 
shown with Tf and Trading Status. Using the method of this embodiment, the residual film thickness is always being monitored 
inside the area being polished, so the polishing can be stopped when the film thickness of the insulating film 40 between layers 
reaches the desired value Xc (t = Tf, or Ts). In other words, the desired film thickness Xc can always be achieved by increasing 
or decreasing the polishing time in response to variations in the polishing ratio. 

[0025] In the fourth embodiment, we explain a polishing method that improves the polishing throughput and improves the 
control of the film thickness of the films being polished as well. Just as in the third embodiment described above, we will use an 
insulating film between layers as the film to be polished. Moreover, we will explain a case in which this insulating film between 
layers is flattened and polished using the CMP device of the present invention. 

[0026] Figure 4 shows the film thickness x of the insulating film 40 between layers with respect to the polishing time t. The 
solid line (a) corresponds to the shape in this embodiment while the solid line (b) corresponds to the shape in the third 
embodiment described above. Below, our explanation will apply to the solid line (a). 

[0027] First, simultaneously when polishing starts (time t = 0), the optical sensor 1 7 starts measuring the reflected light. Each 
time the base disk 10 makes one revolution, the optical sensor 17 passes under the wafer and measures the film thickness x of the 
insulating film 40 between layers. 

[0028] Note that with the goal of improving throughput, we have increased the concentration of the polishing agent in the 
slurry right when polishing begins, setting the polishing ratio slightly higher. Then, the point T, at which the film thickness of the 
insulating film 40 between layers reaches X,, which is close to the desired film thickness X 2 , the control device 1 8 will lower the 
concentration of the polishing agent in the slurry 14 and lower the polishing ratio. Then, when (at T 2 ) the film thickness of the 
insulating film 40 between layers reaches the desired film thickness X 2 , the control device 18 will stop polishing. 
[0029] With this embodiment, the polishing ratio right before polishing ends is so small that the variation in film thickness can 
be reduced with respect to the variation in polishing time. For example, as shown in Figure 4, with respect to the variation in 
polishing time AT, the film thickness variation AX 2 can be made smaller than the variation AX 3 described in the first embodiment 
above. Moreover, since the polishing ratio was set higher right at the beginning (t = 0 ~- T,) of polishing, the overall time t 2 
required for polishing can be made shorter than the polishing time T 3 in the first embodiment described above. In this way this 
embodiment allows improvements in throughput and improvements in control over the film thickness of the films being polished. 
[0030] Not that in the Embodiment 4 above, by changing the concentration of the polishing agent in the slurry 14 we changed 
the polishing ratio, but the present invention is not limited to this method. It would also be possible to vary the rpm of the base 
disk 10 or the wafer holder 13 or both in order to vary the polishing rate. Or, by adjusting the position of the wafer holder 13 it 
would be possible to vary the polishing ratio by varying the amount of pressure placed on the wafer 1 2. 



[0031] 

[Effect of the Invention] 

By using the polishing method of the present invention, it is possible to constantly measure film thickness that is equivalent 
to the actual film being polished without having differences in polishing times between areas being polished and areas where film 
thickness is being measured as was the case in conventional polishing methods using CMP devices. This is because the 
reflectivity or the film thickness of the film being polished is constantly being measured from behind the polishing cloth through 
the optical window in the polishing cloth while polishing is underway. Thus, by using the polishing method of the present 
invention, which controls the polishing in response to the results of measurements, it is possible to obtain the desired results even 
more precisely than was possible using conventional polishing methods. Additionally, the CMP device of the present invention 
uses only one optical sensor, so it has better economic efficiency than conventional methods which require two optical sensors. 
Moreover, a measuring means is only needed on one side of the wafer, so the device configuration can also 

[Brief Explanation of Drawings] 

[Figure 1] is a diagram showing the structure of the CMP device of the present invention. 
[Figure 2] is a diagram that explains the first embodiment based on the CMP of the present invention. 
[Figure 3] is a diagram that explains the third embodiment based on the CMP of the present invention. 
[Figure 4] is a diagram that explains the fourth embodiment based on the CMP of the present invention. 
[Figure 5] is a diagram showing a traditional CMP device. 

[Description of the Numbers and Symbols] 

O, Q: rotating spindles; 10: base disk; 11: polishing cloth; 12: wafer; 13: wafer holder; 14: slurry; 15: slurry supply tube; 16: 
optical sensor window; 17: optical sensor; 18: control device; 39: electrode; 29, 40: insulating film between layers; 30: metal film; 
1 10: upper lathe; 111: lower lathe; 1 12: carried; 1 13: wafer; 1 14: measuring module; 1 15, 1 16: laser light sensor. 
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Abstract of JP9036072 

PROBLEM TO BE SOLVED: To complete 
polishing with a desired film thickness or 
reflection factor by opening an optical window 
in a polishing cloth and measuring the film 
thickness of a film to be polished or the 
reflection factor of the surface to be polished 
from the reverse side of the polishing cloth 
through the window during polishing. 
SOLUTION: An optical sensor window 16 is 
formed at one portion of a polishing cloth 1 1 
and an optical sensor 17 is fixed to a bottom 
panel 10 below it. The optical sensor 17 
applies light to a film to be polished of a wafer 
12, receives and measures the reflection light, 
and analyzes it to detect the film thickness or 
the reflection factor of the film to be polished. 
A control device 18 changes a polishing rate 
according to an actually measured value 
obtained by the optical sensor 17. A control 
device 18 controls the speed of the bottom 
plate 10 and a wafer holder 13. Also, the 
control device 18 controls the concentration of 
a polishing agent in a slurry 14 by increasing 
or decreasing a dilution rate using, for 
example, pure water. 
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